ABSORPTIVE CHILLER WITH EVAPORATOR PROTECTION 
Field of the Invention 

[0001] This invention relates generally to an absorption chiller and, in 

particular, to preventing the chilled water evaporator tubes from rupturing in the 
event the chilled water flow through the evaporator is inadvertently terminated while 
the system is operating. 

Background of the Invention 

[0002] When the chilled water flow through an absorption chiller is closed 

down for some reason, the chiller's controls will sense the condition and take steps to 
shut the machine down. However, during the time that the flow stoppage is detected 
and the shut down procedures carried out, there is no heat input to the evaporator 
heat exchanger that is normally provided by the chilled water flow. As a 
consequence, because of the machines thermal inertia, the evaporators saturation 
temperature can drop substantially to a point below the freezing temperature of the 
water in the evaporator tubes causing the water in the tubes to freeze. This, in turn 
can lead to the evaporator tubes rupturing resulting in the need for an extended 
machine down time while expensive repairs are carried out. 

Summary of the Invention 

[0003] it is therefore an object of the present invention to improve 

absorption chillers. 

[0004] A further object of the present invention is to protect the chilled water 

tubes inside of the evaporator of an absorption chiller from rupturing in the event the 
chilled water flow through the chiller is closed down for some reason while the 
chiller is operating. 

[0005] A still further object of the present invention is to provide heat to the 

evaporator of an absorption chiller in the event the chilled water flow to the 
evaporator is inadvertently closed down. 
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Brief Description of the Drawing 

[0006] For a better understanding of these and other objects of the present 

invention reference will be made to the following detailed description of the 
invention which is to be read in association with the accompanying drawings 
wherein: 

[0007] FIG. 1 is a schematic representation of a two stage absorption chiller 

embodying the teachings of the present invention; 

[0008] Fig. 2 is a schematic representation similar to that illustrated in Fig. 1 

showing a further embodiment of the invention; and 

[0009] These and other objects of the present invention are attained in an 

absorption chiller having a mechanism for protecting the chilled water tubes of the 
evaporator section in the event the chilled water flow through the evaporator closes 
down while the machine is operating. The chilled water flow through the evaporator 
heat exchanger tubes is monitored and in the event the flow is closed down for some 
reason, a signal is sent to the machine controller to shut the machine down. The 
controller at the same time also opens a remotely controlled valve in a feed line, 
which, in turn, causes a high temperature working fluid from another section of the 
chiller to be delivered into the evaporator to maintain the temperature in the 
evaporator at a level such that the chilled water in the heat exchanger tubes is 
prevented from freezing. 

Detailed Description of the Invention 

[0010] Turning initially to Fig. 1 there is illustrated in schematic form the 

component parts of a two stage absorption chiller, generally referenced 10, that 
includes a first embodiment of the present invention. The machine is arranged to 
chill water that is passed through the tubes of a chilled water heat exchanger 1 1 
located in the machines evaporator section 12. The evaporator 12 and the absorber 
13 are mounted together in a single shell 15 in a side by side alignment. The 
absorber section is separated from the evaporator section by a wall 17. 
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[0011] The present chiller utilizes water as a refrigerant and lithium bromide 

as an absorbent. However, any other suitable combination of absorbent and 
refhgerant may be used in the practice of the present invention. As is normal in this 
type of system, a high vacuum pressure is maintained within the shell 15 The 
absorber is partially filled with a lithium bromide, and absorbs water vapor that is 
generated in the evaporator to form an absorptive solution. As will be explained in 
greater detail below, liquid refrigerant developed in the machine is delivered into a 
refhgerant spray header 1 9 within the evaporator and is sprayed over the tubes of the 
chilled water heat exchanger whereby the chilled water gives up heat to the 
evaporator as it flows through the heat exchanger. 

[0012] A portion of the refrigerant in the evaporator is flash cooled at the 

low absolute shell pressure and passes over into the absorber section where it is 
absorbed by the lithium bromide. Liquid refrigerant that is collected in the sump of 
the evaporator is drawn off by the refrigerant pump 20 and recirculated through the 
refhgerant spray header 19. The heat that is developed within the absorber is carried 
off by cooling water that is passed through the tubes of the absorber heat exchanger 
22. Although not shown, a cooling tower is placed in the cooling water loop 
wherein the heat carried off by the cooling water is rejected into the surrounding 
ambient. 


[0013] The term weak solution will be used herein to define an absorptive 

soluhon that has a heavy concentration of refrigerant. The term strong solution on 
the other hand will be used herein to identify an absorptive solution wherein the 
concentration of refrigerant is relatively low. The term working fluid or working 
substance will be used to identify either refrigerant or solution containing lithium 
bromide and water in various concentrations. 

[0014] Weak solution developed in the absorber, which is rich in refrigerant 

is drawn from the absorber by a solution pump 25. The solution is passed by means 
of a solution delivery line 26 in series through a first low temperature solution heat 
exchanger 27 and a second high temperature heat exchanger 28 and is delivered into 
the chdlers first stage high temperature generator 29. A portion of weak solution 


leaving the low temperature heat exchanger is diverted by a solution shunt line 23 to 
a second stage low temperature generator 30. The weak solution moving through 
the two heat exchangers is brought into a heat transfer relationship with higher 
temperature strong solution being carried back to the absorber via the solution return 
line 32 thereby raising the temperature of the weak solution. 

[0015] After passing through the high temperature heat exchanger, the weak 

solution enters /the systems high temperature generator 29. Although not shown, the 
high temperature generator is equipped with a heater or burner that is fired by any 
one of many well known fuels to further raise the temperature of the solution to a 
point where a portion of the refrigerant is taken out of solution in the form of a 
vapor. The refrigerant vapor produced in the high temperature generator is passed 
through the low temperature generator 30 via vapor line 41 prior to being delivered 
into the system condenser 45. 

[0016] The second stage low temperature generator 30 is housed in a single 

shell 43 with the low temperature condenser 45. As the refrigerant from the high 
temperature generator passes through the low temperature generator it gives up 
additional heat to the solution in the generator to help drive the generator. That 
portion of the weak solution diverted from the low temperature solution heat 
exchanger enters the low temperature generator where the further refrigerant is 
vaporized. The vapor passed into the system condenser 45 where it is added to the 
refrigerant condensed in the second stage generator. Cooling water from the 
absorber is passed by cooling water line 48 through the system condenser heat 
exchanger 49 prior to returning to the cooling tower. 

[0017] Liquid refrigerant produced in the system condenser 45 is gravity 

feed through return line 49 from the condenser sump to the spray header of the 
evaporator and, as explained above, passed over the tubes of the chilled water heat 
exchanger to chill the water as it is passed through the evaporator tubes. 
[0018] A feed line 60 is connected into the vapor line 45 adjacent to the first 

stage generator and is arranged to gravity feed refrigerant from the high temperature 
generator into the evaporator. Although the feed line is shown connected into the 
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vapor line, the feed line may be connected into any suitable location that will permit 
high temperature refrigerant from the high temperature generator to flow into the 
evaporator. A remotely controlled valve 62 is mounted in the feed line. The valve 
preferably is a solenoid actuated valve that is normally closed to prevent passage of 
vapor through the feed line under normal operating conditions. 
[0019] The control valve 62 is connected to the machine controller 65 by 

means of electrical line 66. A flow sensor 67 is placed in the return line 68 of the 
chilled water loop and is arranged to detect when the flow of chilled water through 
the evaporator has closed down. Upon detecting such a condition, a signal is sent 
via line 68 to controller instructing the machine to shut down. At this time, the 
control valve in the feed line is opened permitting refrigerant to flow into the 
evaporator section. The refrigerant is in a state that it will provide sufficient heat to 
the evaporator to prevent the chilled water in the heat exchanger tubes from freezing 
and potentially rupturing the tubes during the period the machine is running through 
its shut down cycle. 

[0020] Turning now to Fig. 2 there is illustrated a two stage absorption 

chiller similar to that illustrated in Fig. 1 wherein like numerals are used to identify 
like parts. In this embodiment of the invention solution is drawn in from the second 
or low stage generator 30 and diverted via a feed line 70 into the evaporator to again 
provide sufficient heat to the evaporator to prevent the chilled water trapped in the 
evaporator heat exchanger tubes from freezing. Here again, a remotely controlled 
solenoid valve 71 is placed in the feed line and a flow sensor 72 is mounted in one 
of the chilled water lines servicing the evaporator heat exchanger. Once the sensor 
detects a close down situation in the chilled water flow, the controller is instructed to 
begin the machines shut down procedures and the solenoid valve is opened to permit 
the solution from the second stage generator to be gravity feed into the evaporator. 
The controller may also at this time instruct the refrigerant pump to remain on 
thereby circulating the working fluids in the pump of the evaporator to be 
recirculated through the evaporator spray header. 
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10021] Fi ^3il.u Stt a t e s , s « iIlfteherembodimemof(heinveni . on 

the evaporator 80 and ,he absorber 81 are p,aced in aepara,e she.ls 82 

* reSPeC " Vely ' ^ abSOTbOT ** " — « a higher etevation with respect 
o the evaporator. A spray header 84 is mounted in the evapora(or ^ . J 

S prayhou.dre ft i g era„ l „ V e rthetubesofachilledwaterheat m « 

reflrgeran, pump 8o is „ (0 ^ ^ 

of the evaporator back through the spray header 84. 

(0022) The absorber ineludes a spray header 90 tha, is adapted ,o spray 

««. solution from the second stage generator over a coohng water beat .changer 
. . Refrigerant from the evaporator is delivered into «. absorber via >i„e 92 where 
« ts mrxed w,th the strong sCution to generate a concentrated weak solution Th e 
weak sotaion is collected in the pump of the absorber. A sotaion pump 93 '„ 
arranged to circulate solution through Ore solution heat exchange, t0 , he generators 
as explained in detail above. nerarors 
10023, A feed , ine 95 „ , n sump Qf te 

one of < e ch.Ued water hues which sends a signal ,„ Ore machine controUer to shut 
macme do™ in the even, the chined water flow is terminated. Tbe eontroUer 
a so sends a srgna, to the eontro, valve 97 in ,he feed Hue t0 open to vaIve ^ ^ 
ehver weak so.ulion to the evaporator lo prevent the water in ,be evaporator beat 
exchanger tubes from freezing. 

(0024J A »»0U8h the feed Hnes used in dre above described embodiments of 

the mvenhon are arranged t o gravity feed ,h. setected working fluid «o the 
evaporator, it should be clear ,o one skifled in the an mat an auxfliary pump may be 
Placed ,„ the feed line to aid in the delrver of the working fl uld intol ev^L 
where gravrty feeding is not available. 

(0025, White the present invention has been particularly shown and 

described with reference to the preferred mode as i„„ slr a,ed in the drawing, i, win 
he understood by one skifled in the art tha, various changes in detail may be effected 


